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ABSTRACT
The origin of the progenitors of type Ia supernovae (SNe Ia) is still uncertain.
The core-degenerate (CD) scenario has been proposed as an alternative way
for the production of SNe Ia. In this scenario, SNe Ia are formed at the final
stage of common-envelope evolution from a merger of a carbon-oxygen white
dwarf (CO WD) with the CO core of an asymptotic giant branch companion.
However, the birthrates of SNe Ia from this scenario are still not well deter-
mined. In this work, we performed a detailed investigation on the CD scenario
based on a binary population synthesis approach. The SN Ia delay times from
this scenario are basically in the range of 90Myr−2500Myr, mainly contribut-
ing to the observed SNe Ia with short and intermediate delay times although
this scenario can also produce some old SNe Ia. Meanwhile, our work indicates
that the Galactic birthrates of SNe Ia from this scenario are no more than
20% of total SNe Ia due to more careful treatment of mass transfer. Although
the SN Ia birthrates in the present work are lower than those in Ilkov & Soker,
the CD scenario cannot be ruled out as a viable mechanism for the formation
of SNe Ia. Especially, SNe Ia with circumstellar material from this scenario
contribute to 0.7−10% of total SNe Ia, which means that the CD scenario can
reproduce the observed birthrates of SNe Ia like PTF 11kx. We also found
that SNe Ia happen systemically earlier for a high value of metallicity and
their birthrates increase with metallicity.
Key words: stars: evolution – binaries: close – supernovae: general – white
dwarfs
1 INTRODUCTION
Type Ia supernovae (SNe Ia) are among the most powerful explosions in the Universe and
have high scientific values in Cosmology, e.g. they are used to determine the cosmological
parameters due to their high luminosities and remarkable uniformity (for a recent review
see Howell 2011). They are also a predominant synthesis of chemical elements in their host
galaxies, especially for the contribution of iron (e.g. Matteucci & Greggio 1986). It has been
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accepted that SNe Ia arise from thermonuclear runaway explosions of carbon-oxygen white
dwarfs (CO WDs) in binaries, although their progenitor systems and explosion mechanisms
are still under debate (see, e.g. Podsiadlowski et al. 2008; Hillebrandt et al. 2013; Ho¨flich et
al. 2013; Wang et al. 2013; Zhang et al. 2016).
Over the past four decades, two main families of SN Ia progenitor scenarios have been
discussed frequently. (1) The single-degenerate (SD) scenario (e.g. Whelan & Iben 1973;
Nomoto, Thielemann & Yokoi 1984). In this scenario, a CO WD accretes hydrogen- or
helium-rich matter from a non-degenerate star to increase its mass close to the Chan-
drasekhar limit and then results in a SN Ia explosion (e.g. Hachisu, Kato & Nomoto 1996;
Li & van den Heuvel 1997; Han & Podsiadlowski 2004; Meng, Chen & Han 2009; Wang et
al. 2009a; Lu¨ et al. 2009; Chen & Li 2009; Wu et al. 2016). (2) The double-degenerate (DD)
scenario (e.g. Webbink 1984; Iben & Tutukov 1984). In this scenario, a CO WD merges
with another CO WD, the merging of which is due to the gravitational wave radiation that
drives orbital inspiral to merger, resulting in a SN Ia explosion (e.g. Nelemans et al. 2001;
Geier et al. 2007; Chen et al. 2012; Ji et al. 2013; Ruiter et al. 2013; Liu et al. 2016). Some
variants of these two progenitor scenarios are needed to explain the observed diversity of
SNe Ia (for recent reviews see, e.g. Wang & Han 2012; Maoz, Mannucci & Nelemans 2014;
Ruiz-Lapuente 2014).
Most simulations and calculations for the DD scenario relate to the merger of two cold
CO WDs.1 Meanwhile, a CO WD can also merge with the hot CO core of an asymptotic
giant branch (AGB) star, and then produce a SN Ia, which is known as the core-degenerate
(CD) scenario (e.g. Kashi & Soker 2011; Ilkov & Soker 2012; Soker 2013). The merger of
a WD with the hot core of an AGB star was first investigated by Sparks & Stecher (1974)
who suggested that a SN could be formed through this type of merger. Livio & Riess (2003)
argued that the merger of the WD with the AGB core can explain the presence of hydrogen
lines in some observed SNe Ia such as SN 2002ic when the merger happens at the end of the
common-envelope (CE) stage or shortly after. Importantly, the CD scenario may avoid the
off-center carbon ignition during the merger process (e.g. Soker 2013).
In the CD scenario, a SN Ia explosion may occur shortly or a long time after the CE stage
(e.g. Soker et al. 2013). Kashi & Soker (2011) suggested that this scenario could form massive
WDs with super-Chandrasekhar mass, leading to the formation of super-luminous SNe Ia
(see also Ilkov & Soker 2012). In addition, a violent prompt merger via the CD scenario
may reproduce the properties of some SNe Ia with circumstellar material (CSM) such as
PTF 11kx (e.g. Soker et al. 2013). This scenario was also used to explain the properties of
SN 2011fe and SN 2014J (e.g. Soker et al. 2014; Soker 2015). Aznar-Sigua´n et al. (2015)
recently performed three-dimensional smoothed particle hydrodynamics simulations of the
merger stage between the WD and the AGB core, and argued that this merge process can
result in the formation of a massive WD and then produce a SN Ia. We note that Tsebrenko
& Soker (2015) recently summarized the properties of the CD scenario and made detailed
comparisons between this scenario and other progenitor scenarios.
Although the CD scenario may explain some properties of SN Ia diversity, SN Ia birthrates
from this scenario are still not well determined (e.g. Ilkov & Soker 2013; Aznar-Sigua´n et
al. 2015; Zhou et al. 2015). Ilkov & Soker (2013) argued that this scenario can reproduce
the observed birthrates of total SNe Ia based on a simplified binary population synthesis
(BPS) code. Tsebrenko & Soker (2015) recently estimated that more than 20% of all SNe
Ia come from the CD scenario on the basis of the fraction of SNe Ia that happen inside
1 Note that the merger of two CO WDs may lead to an off-center carbon ignition, resulting in accretion induced collapse but
not a SN Ia (e.g. Saio & Nomoto 1985, 2004; Timmes, Woosley & Taam 1994).
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planetary nebulae. Briggs et al. (2015) also carried out some BPS studies for the merger of
WD+AGB core, and argued that the majority of magnetic WDs with strong fields are the
carbon-oxygen type and may merge within a CE. Thus, Briggs et al. (2015) suggested that
the merger of WD+AGB core may be relatively common.
The purpose of this article is to investigate SN Ia birthrates and delay times for the CD
scenario using a detailed Monte Carlo BPS approach. We describe the numerical methods
and assumptions for the BPS approach in Sect. 2, and give the BPS results in Sect. 3.
Finally, a discussion and summary are presented in Sect. 4.
2 NUMERICAL METHODS
2.1 Physical input
In the CD scenario, a Chandrasekhar or super-Chandrasekhar mass WD could be formed
through the merger of a cold CO WD with the hot CO core of an AGB star. A series of
Monte Carlo BPS simulations for the CD scenario are performed in this study. We adopted
the following assumptions as the criteria for producing SNe Ia through the CD scenario (e.g.
Soker 2013; Ilkov & Soker 2013): (1) The combined mass of the CO WD (MWD, primary) and
the AGB core (Mcore, secondary) during the final stage of CE evolution is larger than or equal
to the Chandrasekhar mass limit (1.378M⊙ in this work), that is,MWD+Mcore ≥ 1.378M⊙.
2
(2) The WD and the AGB core merge during the final stage of CE evolution, in which the
mass of the AGB core (Mcore) is limited to be lower than 1.1M⊙ to avoid the formation of
ONe cores that cannot produce SNe Ia.
The CO WD is usually disrupted and accreted onto the more massive AGB core during
the merging process. However, in some conditions the AGB core would be disrupted and
accreted onto the cooler CO WD ifMWD is larger thanMcore (e.g. Soker et al. 2013). In such
case, the SN explosion may occur shortly after the CE stage, resulting in a SN Ia explosion
inside a planetary nebula shell, which may reproduce the properties of some SNe Ia with
CSM such as PTF 11kx. This case is known as the violent prompt merger scenario (e.g.
Soker et al. 2013), which is studied in the present work. Additionally, we also examined the
influence of metallicity on the birthrates of SNe Ia for the CD scenario, in which metallicities
were chosen to be Z=0.0001, 0.004, 0.02 and 0.03.
The delay times of SNe Ia are defined as the timescale from the formation of primordial
binaries to SN explosions. In the CD scenario, the theoretical delay times of SNe Ia are the
sum of the evolutionary timescale from primordial binaries to the formation of CD systems
and the spin-down timescale from the merger product of WD+AGB core to SN explosion.
The spin-down timescale of the merger product is mainly determined by the magneto-dipole
radiation torque, which can be written as
τB ≈ 5× 10
7
(
B sin δ
107G
)−2
yr, (1)
where B sin δ follows a distribution of
dN
d log(B sin δ)
= constant, (2)
for 106G ≤ B sin δ ≤ 108G (e.g. Ilkov & Soker 2012; Meng et al. 2012). According to this
2 Nomoto, Thielemann & Yokoi (1984) suggested that the critical mass limit of a cold non-rotating WD for carbon ignition
is about 1.378M⊙. Note that the Chandrasekhar mass limit for WDs is 1.44M⊙ in Newtonian gravity, which drops to 1.4M⊙
when general relativity is taken into account (see Mathew & Nandy 2014).
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distribution, we can get the spin-down timescale using a Monte Carlo simulations. Note
that there is no time delay by spin-down or gravitational wave radiation for the case of
these violent prompt mergers (e.g. Soker et al. 2013), and the spin-down timescale can be
neglected for those with merging masses above 1.48M⊙ in our simulations. The massive WDs
over 1.48M⊙ require differential rotation for support before explosions (e. g. Yoon & Langer
2004). The spin-down time of these WDs is mainly determined by the time-scale of internal
angular-momentum redistribution, which may be extremely short as the angular momentum
transport by the Eddington-Sweet meridional circulation is relatively fast (see, e.g. Yoon &
Langer 2004; Saio & Nomoto 2004; Piro 2008; Hachisu et al. 2012).
2.2 Basic parameters for Monte Carlo simulations
We carried out a series of Monte Carlo BPS simulations for the CD scenario. In each sim-
ulation, we followed the evolution of 1× 107 primordial binaries from star formation to the
formation of WD+AGB systems using the Hurley binary evolution code (see Hurley, Tout
& Pols 2002). We simply supposed a constant star formation rate (SFR) of 5M⊙yr
−1 over
the past 14Gyr or, alternatively, it is supposed as a delta function, i.e. a single instanta-
neous starburst. The constant SFR is used to approximate spiral galaxies, whereas the delta
function provides a rough description of globular clusters or elliptical galaxies.
The Monte Carlo BPS simulations require as input the initial mass function (IMF) of
the primordial stars, the initial mass-ratio distribution, the distribution of initial orbital
separations, and the eccentricity distribution of binary orbit. The Monte Carlo BPS studies
are highly dependent on the chosen initial conditions. The following initial parameters for the
Monte Carlo simulations are adopted: (1) The initial mass function (IMF) for the primordial
primary is taken from Miller & Scalo (1979, MS79). Alternatively, we also consider the IMF
of Scalo (1986, S86). (2) A constant mass-ratio distribution is supposed (e.g. Mazeh et al.
1992; Goldberg & Mazeh 1994). Alternatively, we also adopt an uncorrelated mass-ratio
distribution, in which both binary components are chosen independently from the same
IMF. (3) The distribution of initial orbital separations is supposed to be constant in log a
for wide binaries, in which a is the orbital separation (for more discussions see Eggleton,
Fitchett & Tout 1989; see also Han et al. 1995). (4) All stars are supposed to be members
of binaries. The primordial binaries are generated through a Monte Carlo method, and a
circular orbit is supposed for all binaries. It is usually not necessary to model an initial
eccentricity distribution of binary orbit in BPS studies as binary systems tend to circularise
before interacting (see Hurley, Tout & Pols 2002).
2.3 Evolutionary way to WD+AGB systems
SN Ia explosions in the CD scenario originate from the evolution of WD+AGB systems. In
Fig. 1, we present the binary evolutionary way to form WD+AGB systems. The primordial
binary system in the CD scenario has a wide separation, which allows the primordial primary
to evolve into the AGB stage. The primordial primary first fills its Roche lobe when it evolves
to AGB stage (it now contains a CO core in its center). Before the primordial primary fills
its Roche-lobe, it loses a lot of matter through the stellar wind in the AGB stage, which
leads to the subsequent stable Roche-lobe overflow (RLOF). In the Hurley binary evolution
code, the treatment of RLOF is a revised version originated from Tout et al. (1997), and the
radius-mass exponent ζ defined by Webbink (1985) is employed to deal with the stability
of mass transfer. At the end of RLOF, the primary become a CO WD. Meanwhile, the MS
secondary become a massive star due to the stable mass transfer, resulting in the formation of
c© 2016 RAS, MNRAS 000, 1–13
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Figure 1. Binary evolutionary way to WD+AGB systems.
a COWD+MS system. The COWD+MS system continues to evolve, and the MS secondary
may fill its Roche-lobe again when it evolves to the AGB stage. At this stage, a CE may be
formed due to the dynamically unstable mass transfer, resulting from the deep convective
envelope of the AGB star and the large mass-ratio. The CO WD will merge with the CO
core of the AGB star during the CE stage if the CE cannot be ejected. Finally, a SN Ia is
produced at the final stage of the CE evolution (see also Ilkov & Soker 2013).
For the CD scenario, SN Ia explosions for the ranges of the initial mass of the primor-
dial primary are from 2.0-6.5M⊙, and the initial mass of the primordial secondary from
1.5−6.0M⊙. The initial orbital period of the primordial system needs to be wide enough
(e.g. larger than 8 yr) so that the primordial primary can evolve to an AGB star before it
fills its Roche-lobe.
2.4 Common envelope evolution
In the CD scenario, the merger of WD+AGB core originates from the CE evolution. In oder
to obtain the output of the CE stage, the standard energy equation is adopted (e.g. Webbink
1984). The CE is supposed to be ejected once
αCE
(
GM fdonMacc
2af
−
GM idonMacc
2ai
)
=
GM idonMenv
λRdon
, (3)
where G is the gravitational constant, αCE is the CE ejection efficiency, Macc is the mass
of the accreting star, Mdon is the mass of the donor, a is the orbital separation, Rdon is the
radius of the donor, Menv is the envelope mass of the donor, λ is a structure parameter of
the donor relevant to the stellar mass-density distribution, and the indices i and f indicate
the initial and final values during the CE stage. The left side of this equation presents the
difference of orbital energy between the final and initial stage, whereas the right side gives
the binding energy of the CE.
There are two highly uncertain parameters in equation (3), that is, αCE and λ, which
are key parts of our understanding the orbital evolution of the binary during the CE stage.
Previous studies usually combined αCE and λ into a single free parameter αCEλ when cal-
culating the output of CE stage (e.g. Wang et al. 2009b). The value of λ depends on the
c© 2016 RAS, MNRAS 000, 1–13
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Table 1. Galactic SN Ia birthrates for different Monte Carlo BPS simulation sets. Notes: αCE = CE ejection efficiency; αin
= percentage of the internal energy contributing to the ejection of the envelope; IMF = initial mass function; n(q) = initial
mass-ratio distribution; νCD (νCSM)= SN Ia birthrates for the CD scenario (SNe Ia with CSM); νSD = SN Ia birthrates for the
SD scenario that includes the contributions of WD+MS/RG channels based on the studies of Wang, Li & Han (2010); νDD =
SN Ia birthrates for the DD scenario based on the studies of Wang et al. (2010).
Set αCE αin IMF n(q) νCD (νCSM) νSD νDD
(10−3 yr−1) (10−3 yr−1) (10−3 yr−1)
1 0.1 1 MS79 Constant 0.852 (0.566) 1.768 0.707
2 0.2 1 MS79 Constant 0.440 (0.323) 1.480 0.158
3 0.2 0 MS79 Constant 0.479 (0.295) 0.899 0.358
4 0.2 1 S86 Constant 0.373 (0.279) 1.072 0.133
5 0.2 1 MS79 Uncorrelated 0.034 (0.029) 0.257 0.011
6 0.3 1 MS79 Constant 0.116 (0.090) 1.221 0.077
7 0.5 1 MS79 Constant 0.050 (0.041) 1.329 0.100
structure and evolutionary stage of the donor, which is usually set to be 0.5 for simplicity
(e.g. Hurley et al. 2002). However, the real value of λ may be far from 0.5 (e.g. van der
Sluys, Verbunt & Pols 2006; see also Dewi & Tauris 2000). In this paper, we used the fitting
formulae of envelope binding energy Ebind of the original giant, which implicitly contain
the variable λ (see Loveridge, van der Sluys & Kalogera 2011). The Ebind is estimated by
integrating the gravitational and internal energies from the core-envelope boundary (Mc) to
the surface of the star (Ms),
Ebind =
∫ Ms
Mc
(−
Gm
r(m)
)dm+ αin
∫ Ms
Mc
Eindm, (4)
in which αin is the percentage of the internal energy contributing to the ejection of the
envelope and Ein is the internal energy including the thermal energy of the gas and the
radiation energy (e.g. van der Sluys, Verbunt & Pols 2006; Zuo & Li 2014). αin is usually
set to be 1 though its value is rather uncertain. Here, we take αin as 1 in our basic model
and change it to zero for comparisons (see set 3 in Table 1). Meanwhile, we also change the
values of αCE (e.g. 0.1, 0.2, 0.3 and 0.5) to examine its influence on the final results.
3 RESULTS
3.1 Birthrates of SNe Ia
The observed SN Ia birthrate in our Galaxy is about 4×10−3yr−1, which can be used to
constrain the progenitor models of SNe Ia (e.g. Cappellaro & Turatto 1997). In order to
systematically study the Galactic SN Ia birthrates for the CD scenario, we carried out seven
sets of Monte Carlo BPS simulations with metallicity Z = 0.02 (see Table 1). In these
simulations, we varied the initial input parameters to examine their influences on the BPS
results. For comparisons, we also show the results of SNe Ia for the SD and DD scenarios in
this table. We found that the birthrates of SNe Ia are sensitive to uncertainties in some model
parameters based on the seven sets of simulations. For example, if we adopt a mass-ratio
distribution with uncorrelated binary components, the birthrates of SNe Ia will decrease
significantly (set 5).
In Fig. 2, we show the evolution of the Galactic SN Ia birthrates with time for the CD
scenario by adopting metallicity Z = 0.02 and a constant SFR of 5M⊙yr
−1. According to
the seven sets of Monte Carlo simulations, the theoretical birthrates from this scenario are
in the range of 0.5−8.5×10−4yr−1, accounting for 1−20% of the observations. The SN Ia
birthrates from the CD scenario are lower than those in observations, which means that the
c© 2016 RAS, MNRAS 000, 1–13
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Figure 2. Evolution of the Galactic SN Ia birthrates with time for a constant Population I SFR with different BPS simulation
sets. The thick lines are for all SNe Ia from the CD scenario, whereas the thin lines are only for the SNe Ia with CSM like PTF
11kx.
Figure 3. Delay-time distributions of SNe Ia with different BPS simulation sets, where the spin-down time is included in the
delay time. The thick lines are for all SNe Ia from the CD scenario, whereas the thin lines are only for SNe Ia with CSM
like PTF 11kx. The open circles are taken from Totani et al. (2008), the open square is from Graur & Maoz (2013), the filled
triangles and squares are from Maoz, Keren & Avishay (2010) and Maoz, Mannucci & Timothy (2012), respectively.
CD scenario can only form part of total SNe Ia. We note that the birthrates of SNe Ia from
the CD scenario fall with increasing the value of αCE. This is because a high value of αCE
leads to wider orbital separation, resulting in few mergers of WD+AGB core. If the CD
scenario can really contribute to a high proportion of observed SNe Ia, a low value of αCE
is expected.
Soker et al. (2013) recently suggested that the violent prompt merger in the CD scenario
may account for the very massive CSM in PTF 11kx, and for the presence of hydrogen shells
in the CSM. According to our BPS simulations, the Galactic birthrates for SNe Ia with CSM
are in the range of 0.3−5.7×10−4yr−1, accounting for 0.7−10% of total SNe Ia, which can
reproduce the birthrates of SNe Ia like PTF 11kx; the observed fraction of SNe Ia with CSM
is estimated to be 0.1−1% (e.g. Dilday et al. 2012).
3.2 Delay times of SNe Ia
The delay time distributions of SNe Ia can be obtained from observations, which could be
used to constrain the progenitor models of SNe Ia. In Fig. 3, we present the SN Ia delay
c© 2016 RAS, MNRAS 000, 1–13
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Figure 4. Distribution of the total mass of MWD and Mcore in the WD+AGB systems that can ultimately form SNe Ia. The
black solid and red dashed lines present the cases of αCE = 0.2 (set 2) and αCE = 0.3 (set 6) , respectively. The number in
every case is normalized to 1.
time distributions for the CD scenario based on a single starburst of 1010M⊙, where the
spin-down time is included in the delay time. The estimated delay times for this scenario are
mainly in the range of 90Myr−2500Myr after the starburst, which may have a contribution
to the SNe Ia with short and intermediate delay times. For the SNe Ia with CSM, the SN
explosion may occur shortly after the CE stage. The delay time of SNe Ia in this case is
mainly determined by the evolutionary timescale from primordial binaries to the formation
of CD systems. Note that the shortest delay times of SNe Ia for the CD scenario are mainly
determined by the MS lifetime of a star with mass about 7M⊙.
As expected in some previous studies (e.g. Kashi & Soker 2011; Ilkov & Soker 2012),
we also found that the CD scenario can even form some SNe Ia with delay times as long
as several Gyr for a low value of αCE (e.g. αCE = 0.1 and 0.2); a low value of αCE tends to
form more mergers with masses below 1.48M⊙, and thus a long spin-down time. The delay
time of SNe Ia in this case is mainly determined by the spin-down time after the merging of
the WD+AGB core. If the spin-down time is too long (e.g. several Gyr), the mergers may
experience post-crystallization stage, leading to the formation of a highly carbon enriched
outer layer. Thus, Soker et al. (2013) suggested that this case may account for the carbon-rich
composition of the fastest-moving ejecta of SN 2011fe.
3.3 Mass distribution of WD+AGB core
The WD explosion mass may have an influence on the final production of nickel-56 and thus
the maximum luminosity of SNe Ia (e.g. Arnett 1982). In Fig. 4, we show the distribution
of the combined masses of MWD and Mcore in the WD+AGB systems that can ultimately
form SNe Ia through the CD scenario. The combined masses have a peak nearby 1.4M⊙ and
then decrease, which can be understood by the initial mass function of stars. These massive
systems with combined masses above 2M⊙ may contribute to over-luminous SNe Ia that
have been observed with inferred WD explosion masses in the order of 2M⊙ (e.g. Howell et
al. 2006; Hicken et al. 2007; Scalzo et al. 2010). Note that the SD scenario of SNe Ia can also
form over-luminous SNe Ia if the rotation of WDs is considered, in which the rotating WDs
have been prevented from exploding until angular-momentum redistribution (e.g. Justham
2011; Hachisu et al. 2012; Wang et al. 2014).
Fig. 5 presents the distribution of mass ratio between MWD and Mcore with different
values of αCE. From this figure, we can see that almost all the values of MWD/Mcore are
c© 2016 RAS, MNRAS 000, 1–13
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Figure 5. Same as Fig. 4, but for the distribution of mass ratio between MWD and Mcore.
Figure 6. Distribution of MWD and Mcore in WD+AGB systems that can ultimately form SNe Ia, where αCE = 0.2 (set 2).
above 0.9, and there is a peak nearby 1.0. In Fig. 6, we show the distribution of MWD and
Mcore in the WD+AGB systems that can ultimately form SNe Ia. In this figure, WD+AGB
systems with Mcore > 1.1M⊙ are rejected as more massive CO cores in AGB stars have
already burnt all their central carbon and will form ONe cores (e.g. Umeda et al. 1999).
Figure 7. The evolution of SN Ia birthrates for a constant SFR with different metallicities of Z = 0.03, 0.02, 0.001 and 0.0001,
where αCE = 0.2.
c© 2016 RAS, MNRAS 000, 1–13
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Figure 8. Distribution of the mass-transfer parameter η in our simulations, where αCE = 0.2 (set 2). The black solid line
presents the distribution of η for all potential WD+AGB systems, whereas the red dashed line shows the distribution of η for
these WD+AGB systems that can lead to SNe Ia.
3.4 The effect of metallicity
Metallicities may have important effects on the properties of SNe Ia (e.g. Timmes, Brown
& Truran 2003; Podsiadlowski et al. 2008; Sullivan et al. 2010). In Fig. 7, we present the
evolution of SN Ia birthrates for a constant SFR of 5M⊙yr
−1 with different metallicities.
From this figure, we can see that metallicity has a significant influence on the birthrates of
SNe Ia, especially for low metallicity environments; the birthrates increase with metallicity
and SNe Ia happen systemically earlier for a high value of metallicity. The WD+AGB sys-
tems mainly originate from massive primordial binaries that tend to exist in high metallicity
environments (e.g. Wang & Han 2010). Thus, SN Ia birthrates from the CD scenario increase
with metallicity. Meanwhile, massive primordial binaries evolve more quickly than low-mass
ones, resulting in a systematically earlier SN explosion for a high value of metallicity.
4 DISCUSSION AND SUMMARY
According to a simple BPS code, Ilkov & Soker (2013) suggested that the CD scenario
can reproduce the observed birthrates of SNe Ia, and claimed that this scenario plays an
important role for producing SNe Ia. However, we found that this scenario can only account
for part (1−20%) of SNe Ia based on our detailed BPS approach. The main difference
between these two works is the treatment of the binary interaction during mass transfer.
Ilkov & Soker (2013) obtained the new mass of the primordial secondary after the primordial
primary passed through the AGB stage and became a WD (with mass MWD) as M2new =
M2+η(M1−MWD), where η is the mass-transfer parameter,M1 andM2 are the initial masses
of the primordial primary and secondary, respectively. In Fig. 8, we show the distribution of
the mass-transfer parameter η in our simulations. From this figure, we can see that the value
of η in our simulations is mainly in the range of 0.25−0.4 that is much lower than the value
(η∼0.8−0.9) taken by Ilkov & Soker (2013). The high mass-transfer parameter in Ilkov &
Soker (2013) leads to the formation of more massive AGB stars and larger CO cores, and
thus gives a much higher birthrates of SNe Ia.
In this work, we assume that SNe Ia in the CD scenario can be produced during the
final stage of CE evolution. However, a SN Ia can also be formed through the CD scenario
when the merging process of double WDs happens shortly after the CE stage (e.g. within
about 105 yr), the merging of which is due to the gravitational wave radiation (e.g. Soker
c© 2016 RAS, MNRAS 000, 1–13
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2013). Meng & Yang (2012) recently estimated that SN Ia birthrates from this case is very
low (<0.1% to all SNe Ia). Thus, we speculate that the condition studied here dominates
the production of SNe Ia in the CD scenario although this scenario only contributes to part
of the observed SNe Ia.
Soker et al. (2013) recently suggested that the violent prompt merger in the CD scenario
may explain some SNe Ia with very massive CSM such as PTF 11kx. If we adopted a strict
assumption on the total mass of the WD+AGB core and the envelope mass (Menv) of the
AGB star (e.g. MWD + Mcore ≥ 1.8M⊙ and Menv ≥ 0.5M⊙; Soker et al. 2013), the SN
Ia birthrates from the violent prompt merger scenario will decrease to 0.3−8.0×10−5yr−1,
accounting for 0.1−2% of all SNe Ia, which can still reproduce the observational number of
SNe Ia like PTF 11kx.
By employing a detailed BPS approach, we got an upper limit for the birthrates of
SNe Ia based on the CD scenario (no more than 20% of total SNe Ia). The birthrates in
our simulations are lower than those in Ilkov & Soker (2013), the main reason of which is
that we adopted a detailed mass-transfer process. We found that the CD scenario mainly
contributes to the SNe Ia with short and intermediate delay times although this scenario
can also produce some SNe Ia with long delay times. The birthrates of SNe Ia with CSM
are estimated to be 0.7−10% of total SNe Ia, which can match the observed number of SNe
Ia like PTF 11kx. We also found that SNe Ia happen systemically earlier for a high value of
metallicity and their birthrates increase with metallicity. In order to put further constraints
on the CD scenario, more numerical simulations and observational evidence for this scenario
are needed.
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